This study examined the extent of striatal dopamine (DA) denervation and coincident expression of preproenkephalin (PPE) mRNA in monkeys made parkinsonian by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) administration. Some animals (n ϭ 4) became moderately parkinsonian after receiving large doses of MPTP over short periods of time and were symptomatic for only a short period of time (1-3 months; acute parkinsonian group). Other animals became moderately parkinsonian after receiving either escalating doses of MPTP over long periods (4-6 months; n ϭ 5) or a high dose of MPTP over a short period (Ͻ1 month; n ϭ 1) and remained symptomatic for an extended period (Ͼ8 months; chronic parkinsonian group). Despite similar symptomatology and similar degrees of striatal DA denervation at the time of their deaths, only acute parkinsonian animals had significantly increased PPE expression in sensorimotor striatal regions. PPE expression in chronic parkinsonian animals was either not changed or significantly decreased in most striatal regions. These findings suggest that the duration and not the extent of striatal DA denervation is a critical factor in modulating changes in striatal PPE expression. Furthermore, these results question the role of increased activity in the enkephalin-containing indirect striatopallidal pathway in the expression of parkinsonian symptoms.
This study examined the extent of striatal dopamine (DA) denervation and coincident expression of preproenkephalin (PPE) mRNA in monkeys made parkinsonian by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) administration. Some animals (n ϭ 4) became moderately parkinsonian after receiving large doses of MPTP over short periods of time and were symptomatic for only a short period of time (1-3 months; acute parkinsonian group). Other animals became moderately parkinsonian after receiving either escalating doses of MPTP over long periods (4-6 months; n ϭ 5) or a high dose of MPTP over a short period (Ͻ1 month; n ϭ 1) and remained symptomatic for an extended period (Ͼ8 months; chronic parkinsonian group). Despite similar symptomatology and similar degrees of striatal DA denervation at the time of their deaths, only acute parkinsonian animals had significantly increased PPE expression in sensorimotor striatal regions. PPE expression in chronic parkinsonian animals was either not changed or significantly decreased in most striatal regions. These findings suggest that the duration and not the extent of striatal DA denervation is a critical factor in modulating changes in striatal PPE expression. Furthermore, these results question the role of increased activity in the enkephalin-containing indirect striatopallidal pathway in the expression of parkinsonian symptoms.
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Numerous papers have reported changes in striatal preproenkephalin mRNA levels in animals with nigrostriatal dopaminergic lesions. After 6-hydroxydopamine lesions in rats, levels of enkephalin mRNA and protein were found to be increased in GABA-containing striatopallidal projection neurons that also express dopamine (DA) D2 receptors (Young et al., 1986; Normand et al., 1988; Gerfen et al., 1990) . In nonhuman primates, administration of the neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (M P TP), either systemically or by intracarotid inf usion, has resulted in marked increases in preproenkephalin (PPE) gene expression, particularly in the dorsolateral sensorimotor striatal territories (Augood et al., 1989; Asselin et al., 1994; Herrero et al., 1995) . These data, as well as findings from a number of other studies (Voorn et al., 1987; Robertson et al., 1990; Sivam and Krause, 1990) , support the proposal that DA exerts a tonic inhibitory control, mediated via D2 receptors, over enkephalin-containing striatopallidal output neurons.
Although studies with animal models of Parkinson's disease (PD) have produced very consistent findings in regard to increases in enkephalin gene expression, studies of enkephalin expression in patients with PD have produced conflicting results. When peptide levels have been measured, some studies have found decreased met-enkephalin levels in either the caudate nucleus (Sivam, 1991) or the putamen (Taquet et al., 1983; Llorens-Cortes et al., 1984) . Other studies have found no changes in met-enkephalin levels in either the caudate nucleus or the putamen (Fernandez et al., 1992) . Although one study (Levy et al., 1995) reported no significant difference in striatal expression of met-enkephalin mRNA in PD patients compared with control subjects, another study (Nisbet et al., 1995) reported a significant increase in PPE mRNA in both the caudate and the putamen in PD cases.
It is difficult to reconcile the results from studies of animal models of PD with results from postmortem studies of PD brains. Both types of studies have a number of difficulties associated with them that cloud the interpretation of their respective findings. The animal studies, all of which have shown a significant increase in met-enkephalin expression, have been conducted on acute models of parkinsonism, i.e., animals with a rapid onset and short duration of DA neuron degeneration and striatal DA depletion. It is difficult to say how the striatal neuropeptide response to this acute DA lesion corresponds to the response of this system to the chronic and slowly progressing degeneration and DA loss seen in PD. A complicating factor in human studies is that expression of neuropeptides may be affected by the long-term use of various anti-Parkinson drug therapies or by the variability of the disease itself [i.e., degree of striatal DA depletion (Sivam, 1991; Fernandez et al., 1992) ].
In view of the shortcomings associated with these other studies, the present study was conducted to examine changes in preproenkephalin gene expression in a chronic model of parkinsonism in monkeys. In contrast to most other studies of experimental parkinsonism, the objectives of this study were to examine the similarities and differences between monkeys with acute onset, short-duration parkinsonism and animals with acute or chronic onset and long-duration parkinsonism. The results of this study suggest that the duration and not the extent of striatal DA denervation is the most critical factor in modulating striatal PPE expression. The results also question the role of increased activity in the enkephalin-containing indirect striatopallidal pathway as a primary causative factor in the expression of parkinsonian symptoms.
MATERIALS AND METHODS

Animals.
A total of 16 adult male cynomolgus (Macaca fascicularis) monkeys were used in this study. All animals were housed individually in the same room with a 12 hr light /dark cycle. All aspects of this study complied with established federal and institutional guidelines for the care and use of laboratory animals.
Six monkeys received no treatments and were used as normal control animals. Four monkeys were given intravenous or intramuscular injections of M P TP (M P TP-HC l; dissolved in sterile normal saline; Research Biochemicals, Natick, M A) in doses ranging from 0.33 to 0.50 mg / kg twice weekly over a period of up to 32 d to produce moderate to severe parkinsonism (acute symptomatic group). Animals were rated for a variety of behaviors on a rating scale used previously in this laboratory (Schneider et al., 1998) . This behavioral /motor rating scale evaluates 19 items associated with motor f unction and other behaviors such as defense reaction and eating. Scores of 0 are normal; the maximum parkinsonian score that can be achieved is 41. Ratings were taken twice weekly by an observer blind to the toxin administration paradigm, with the monkey in an observation or testing cage in a quiet room separate from the rest of the monkey colony. These animals comprised the acute symptomatic group and were killed 1-3 months after the last M P TP injection.
Five other monkeys received intravenous injections of M P TP at low doses of 0.05-0.15 mg / kg two to three times per week over several months (range, 4 -7 months) . This M P TP administration protocol produces animals that are analogous to early stage PD patients and that have cognitive deficits with mild or no motor deficits. M P TP doses were then increased (up to 0.30 -0.50 mg / kg, i.v.; once or twice per week) for an additional 4 -6 months until these animals developed stable moderate parkinsonian motor deficits. These animals were killed ϳ40 months after the start of M P TP exposure and an average of 8 months (Ϯ 2) after receiving the last M P TP injection. These monkeys comprise the chronic symptomatic group.
One additional monkey received high-dose M P TP injections (0.33 mg / kg, i.m.; twice weekly) for ϳ1 month to produce rapid onset parkinsonism. The M P TP administration protocol was similar to that used in the acute symptomatic group. However, in contrast to the animals in the acute symptomatic group, this animal was killed 17 months after the last injection of M P TP.
All animals were killed by sodium pentobarbital overdose (150 mg / kg, i.v.), and the brains were removed quickly after cessation of a heartbeat. Each brain was bisected along the midline, and the two hemispheres were immediately frozen by immersion in Ϫ40°C isopentane and stored at Ϫ80°C.
[ 3 H]Mazindol autoradiography. The extent of striatal DA denervation was assessed by quantitative autoradiography of the binding of [ 3 H]mazindol to presynaptic striatal DA uptake sites. Tissue was sectioned at 20 m in a cryostat at Ϫ15°C, thaw-mounted onto gelatinsubbed slides, dried on a slide warmer, and stored desiccated at Ϫ80°C. The method for assessing the density of DA uptake sites was essentially the same as reported previously (Rioux et al., 1997) . Slides were removed from the freezer, placed on ice, and allowed to thaw for 1 min before the assay was begun. Slides were then preincubated for 5 min in Tris buffer (50 mM Tris base, 300 mM NaC l, and 5 mM KC l, pH 7.9, at 4°C) containing 300 nM desipramine to block norepinephrine sites. Slides were then incubated for 40 min at 4°C in the same assay buffer containing 15 nM [ 3 H]mazindol (23.5 C i /mmol; Dupont N EN, Boston, M A) and rinsed twice for 3 min in ice-cold buffer followed by a 10 sec rinse in double distilled H 2 O. Nonspecific binding was determined in alternate sections with the addition of 30 M benztropine and 10 M nomifensine to the incubation buffer. Slides were rapidly dried under a cold air stream for 1 min and room temperature air for 10 min and apposed to Preproenk ephalin in situ hybridization. T wenty-micrometer-thick sections through the striatum were processed for in situ hybridization histochemistry using a 35 S-radiolabeled oligonucleotide probe corresponding to amino acids 130 -145 of the human sequence of PPE. Animals representing all treatment groups were always hybridized together in the same run. Seven picomoles of the oligonucleotide probe were incubated at 37°C for 60 min with 5 l of [
35 S]deoxyadenosine 5Ј-(␣-thio)triphosphate (Ͼ1000 C i /mmol; Amersham), 10 l of TdTtailing buffer, 21.5 l of diethylpyrocarbonate (DEPC)-treated water, 5 l of CoCl 2 , and 1.5 l of TdT. The radiolabeled probe was purified at room temperature with two microcentrif uge spins in Phase L ock Gel tubes (5 Prime -3 Prime) containing 50 l of phenol and 50 l of chloroform /isoamylalcohol (24:1) and then 50 l of chloroform /isoamylalcohol. The purified probe was then precipitated in 4.5 M sodium acetate ϩ yeast tRNA (Sigma, St. L ouis, MO) (to avoid loss of oligonucleotide) and ethanol at Ϫ70°C overnight. The pellets were redissolved in DEPC -treated water the next day. Tissue sections were brought to room temperature and fixed with 3% paraformaldehyde for 5 min, followed by washes in DEPC -treated water (10 sec), 2ϫ SSC (2 min), 0.1 M triethanolamine, pH 8.0, with 0.25% acetic anhydride (10 min), and 2ϫ SSC (twice for 1 min). Sections were then dehydrated in increasing concentrations of ethanol (70, 80, and 95%) and air dried. Sections were covered with 60 l of hybridization cocktail [900 l of hybridization buffer, 50 l of salmon sperm DNA, 24 l of [
35 S]PPE probe (1 ϫ 10 6 counts per section), and 40 l of DTT], coverslipped with parafilm, and allowed to hybridize overnight at 37°C. After hybridization, the slides were washed at room temperature in 2ϫ and 1ϫ SSC for 1 min each and then four times in 0.5ϫ SSC at 55°C for 30 min each. Sections were then dipped in 300 mM NH 4 OAC, dehydrated in increasing concentrations of ethanol, cleared, and dried. The slides were then apposed to ␤-Max Hyperfilm for 1 week, developed in Kodak GBX, and fixed with Kodak Rapid Fix.
Data anal ysis. The striatum was analyzed at three rostrocaudal levels: a rostral level (precommissural) including the caudate, putamen, and nucleus accumbens; a mid level including the caudate, putamen, and external globus pallidus at the level of the decussation of the anterior commissure; and a caudal level (postcommissural) including the body of the caudate, the putamen, and both internal and external globus pallidus segments. [
3 H]mazindol autoradiographs were analyzed using a computer-driven analysis system (BR AI N version 4.0; Drexel University). At each level, at least three sections were analyzed for total binding, and two sections were analyzed for nonspecific binding. Where appropriate, the caudate and putamen were divided into dorsolateral, dorsomedial, ventrolateral, and ventromedial quadrants for analysis. A mean value for each region by level for each case was determined. To assess statistical significance of the quantitative densitometry data, one-way ANOVA was performed to examine group and region interactions. Post hoc pairwise comparisons were performed using Student-NewmanKeuls multiple comparisons test.
Levels of PPE mRNA expression were measured in the striatal regions described above at three different rostrocaudal levels and were quantified by computerized densitometry using N IH Image software (version 1.58). At least five sections per animal per striatal level (rostral, mid, and caudal) were analyzed. A gray scale standard strip was used to generate a calibration curve for optical densities. The person analyzing the films was blind to the treatment group designation for each animal. Optical densities were averaged for each region in each monkey and expressed as the percentage difference from the mean of control animals. Statistical analysis was performed by one-way ANOVA followed by post hoc pairwise comparison with a Student-Newman -Keuls multiple comparisons test.
RESULTS Behavior
All animals were similarly parkinsonian at the end of the study. At the time that animals in the acute symptomatic group were killed, they had a mean behavioral/motor rating of 28 Ϯ 4. Animals in the chronic symptomatic group had mean Parkinson ratings of 24 Ϯ 5. The monkey with rapid onset but long-duration parkinsonism had a behavioral/motor rating of 32. This animal's anatomical data were no different from that of other monkeys in the chronic symptomatic group. Thus, data from this animal have been included in the chronic symptomatic group for statistical analyses.
[
H]Mazindol autoradiography
The regional integrity of the presynaptic DA system was determined by measuring the density of DA uptake sites labeled with [ 3 H]mazindol. As described in other studies (Rioux et al., 1997) (Figs. 1, 2) .
Preproenkephalin in situ hybridization
At all rostrocaudal levels there were significant group by region effects on PPE gene expression [rostral level, F (26,117) In acute symptomatic animals, there were pronounced increases in PPE mRNA levels in the dorsal putamen (t ϭ Ϫ13.42; p Ͻ 0.01 in the dorsolateral putamen; t ϭ Ϫ10.29; p Ͻ 0.01 in the dorsomedial putamen) and dorsal caudate (t ϭ Ϫ8.31; p Ͻ 0.01 in the dorsolateral caudate; t ϭ Ϫ5.35; p Ͻ 0.01 in the dorsomedial caudate) at the rostral level in comparison with that in normal control animals. The greatest increases were in the dorsolateral regions of both nuclei, with smaller increases that were not statistically significant in the ventral putamen and caudate regions and the nucleus accumbens (Fig. 3) .
At the mid level, the regional pattern of PPE mRNA expression was similar to that at the rostral level, but the extent of the increases was somewhat less than that observed more rostrally. In addition to significant increases in PPE gene expression, compared with that in control animals, in the dorsal putamen (t ϭ Ϫ7.67; p Ͻ 0.01 in the dorsolateral putamen; t ϭ Ϫ4.06; p Ͻ 0.01 in the dorsomedial putamen), a significant increase was also seen in the ventrolateral putamen (t ϭ Ϫ3.47; p Ͻ 0.01). As at the rostral level, there was increased PPE mRNA expression in the dorsal caudate (t ϭ Ϫ2.91; p Ͻ 0.01 in the dorsolateral caudate; t ϭ Ϫ2.11; p Ͻ 0.05 in the dorsomedial caudate) but not in the ventral caudate.
The increase in PPE mRNA levels was greatest at the caudal level, where large increases in signal were not only seen in the dorsal putamen (t ϭ Ϫ13.80; p Ͻ 0.01 in the dorsolateral putamen; t ϭ Ϫ13.85; p Ͻ 0.01 in the dorsomedial putamen) but were also observed in the ventral putamen (t ϭ Ϫ8.89; p Ͻ 0.01 in the ventrolateral putamen; t ϭ Ϫ9.15; p Ͻ 0.01 in the ventromedial putamen) and the body of the caudate nucleus (t ϭ Ϫ10.73; p Ͻ 0.01) (Fig. 3) . At all rostrocaudal levels, increased signal was localized mostly to the sensorimotor striatal territories.
In contrast to what was observed at the rostral level in the dorsal striatum in acute symptomatic animals, there were no statistically significant increases in PPE gene expression compared with that in control animals in either the caudate or putamen in the chronic symptomatic animals. There were however significant decreases from normal levels of PPE mRNA expression in the ventral putamen (t ϭ 3.48; p Ͻ 0.01 in the ventrolateral putamen; t ϭ 3.64; p Ͻ 0.01 in the ventromedial putamen), ventral caudate nucleus (t ϭ 3.50; p Ͻ 0.01 in the ventrolateral caudate; t ϭ 3.90; p Ͻ 0.01 in the ventromedial caudate), and nucleus accumbens (t ϭ 4.61; p Ͻ 0.01). Levels of PPE gene expression in chronic symptomatic versus acute symp- tomatic animals were significantly different in all striatal subregions at the rostral level (Figs. 3, 4) .
At the mid level, PPE mRNA expression in chronic symptomatic animals was significantly increased only in the dorsolateral putamen (t ϭ 3.25; p Ͻ 0.01), whereas gene expression at all other striatal subregions was either no different from normal (dorsomedial putamen and dorsolateral and dorsomedial caudate) or significantly decreased from normal (t ϭ 2.08; p Ͻ 0.05 in the ventrolateral putamen; t ϭ 3.76; p Ͻ 0.01 in the ventromedial putamen; t ϭ 4.12; p Ͻ 0.01 in the ventrolateral caudate; t ϭ 2.68; p Ͻ 0.01 in the ventromedial caudate). Levels of PPE gene expression in chronic symptomatic versus acute symptomatic animals were significantly different ( p Ͻ 0.05 to p Ͻ 0.01) in all striatal subregions (except the dorsomedial caudate nucleus) at the mid level (Fig. 3) .
At the caudal level in the chronic symptomatic animals, only PPE gene expression in the ventromedial putamen was significantly different (i.e., decreased) from control values (t ϭ 4.95; p Ͻ 0.01). As at the other rostrocaudal levels, differences in PPE expression between acute and chronic symptomatic animals were statistically significant in all striatal subregions ( p Ͻ 0.01) (Figs. 3, 4) . In all conditions, control experiments showed that specific hybridization signal was eliminated by competitive inhibition of hybridization by unlabeled antisense PPE probe and by blocking hybridization with unlabeled sense probe (data not shown). 
DISCUSSION
The results of this study show that monkeys with similar degrees of motor impairment and similar degrees of striatal DA denervation may have drastically different levels of striatal PPE gene expression depending on the duration of the DA denervation. Monkeys with acute parkinsonism had dramatically increased PPE mRNA expression in many striatal regions, whereas PPE mRNA expression was either minimally increased or decreased below normal levels in chronic parkinsonian animals.
Neurochemical changes in the striatum associated with lesions of the nigrostriatal projection and experimentally induced parkinsonism have typically been studied in animals made parkinsonian over a short period of time and killed at short survival times after the injury to the nigrostriatal DA system. Data obtained from these animals have been used in part to develop and support the current functional model of basal ganglia circuitry (Penny and Young, 1983; Albin et al., 1989) . In particular, an increase in enkephalin immunostaining and PPE mRNA expression in these DA-lesioned animals has been used to support the notion that DA exerts a tonic inhibitory influence on PPE gene expression. Although data obtained from acute parkinsonian monkeys support the concept that a large decrease in DAergic tone may contribute to upregulation of enkephalin biosynthesis, our data from chronic parkinsonian monkeys suggest that this effect is not maintained despite continued loss of striatal DA.
Prolonged DA denervation appears to have the opposite effect of acute DA denervation on enkephalin biosynthesis, causing a downregulation in many striatal regions.
These data suggest that DAergic tone may not be the primary driving force behind regulation of enkephalin biosynthesis in the striatum. Cortical afferents to the striatum have been shown to participate in a complex way in the regulation of striatal neuropeptide expression (Uhl et al., 1988; Kerkerian et al., 1990; Salin and Chesselet, 1992; Campbell and Bjorklund, 1994) . In rats, one of the primary influences that maintain increased PPE expression in the DA-denervated striatum is input from the prefrontal cortex (Campbell and Bjorklund, 1994) . In acute symptomatic animals, a loss of DA-mediated inhibition of corticostriatal terminals (Garcia-Munoz et al., 1991) could enhance glutamatergic drive on intrinsic striatal neurons and contribute to increased PPE gene expression. If corticostriatal glutamatergic afferents and striatal glutamate levels indeed regulate PPE mRNA expression in primate striatal neurons, then perhaps compensatory changes in corticostriatal excitatory amino acid transmission in chronic parkinsonian animals in part underlie the failure to maintain increased PPE mRNA expression in these animals. However, other factors such as increased intracellular levels of cAMP (Herve et al., 1989) and increased adenosine transmission and activation of adenosine A2 receptors may also contribute to upregulation of striatal PPE gene expression in the DA-denervated striatum (Schiffmann and Vanderhaeghen, 1993; Campbell and Bjorklund, 1994) . Again, compensatory changes in these neurochemical systems in chronic parkinsonian monkeys may contribute to the failure to maintain increased PPE gene expression. The degree to which these various factors play a role in the regulation of PPE mRNA levels in the acutely and chronically DA denervated monkey striatum remains to be studied.
Contrary to a previous report , the present results do not confirm that increased striatal PPE gene expression parallels the severity of motor disturbance displayed by MPTP-treated monkeys. Overactive enkephalinergic trans- Acute symptomatic monkeys had large increases in PPE mRNA expression, particularly in the dorsal striatum at all rostrocaudal levels (ϩp Ͻ 0.01 vs normal controls;
∧ p Ͻ 0.05 vs normal controls). In contrast, chronic symptomatic monkeys had comparatively small increases in striatal PPE mRNA expression and in many subregions actually had decreased expression compared with that in control animals (ϩp Ͻ 0.01 vs normal controls;
∧ p Ͻ 0.05 vs normal controls). An * denotes a statistically significant difference ( p Ͻ 0.05) versus that in acute symptomatic monkeys. CD, Caudate nucleus; DL, dorsolateral; DM, dorsomedial; NACC, nucleus accumbens; Put, putamen; VL, ventrolateral; VM, ventromedial. mission seems not to be responsible for the generation of symptoms. This has also been suggested to be the case in reserpinized rats (Maneuf et al., 1994) and in M P TP-treated mice (Gudehithlu et al., 1991) . Also, the present findings question the functional significance of upregulated GABA /enkephalin transmission in the indirect striatopallidal pathway hypothesized to occur in the current model of basal ganglia f unctional circuitry in parkinsonism. The extent to which GABA neurotransmission is upregulated in the indirect striatopallidal circuit in chronic symptomatic parkinsonian monkeys is unknown. However, GAD65 and GAD67 mRNA levels were increased in the dorsolateral putamen in acute parkinsonian monkeys (Soghomonian and Laprade, 1997) . In these animals, GAD mRNA levels were increased in PPE-labeled (presumably striatopallidal) neurons but not in PPE-unlabeled neurons. If PPE and GAD gene expression is coregulated in striatal neurons, then one might expect that there is not a significant upregulation of striatopallidal GABAergic neurotransmission in chronic parkinsonian monkeys. Alternatively, GAD and PPE mRNAs may be differentially regulated in the chronically DA-denervated primate striatum, as has been observed in DA-denervated neonatal rats (Soghomonian, 1994) . This could result in overactivity of striatopallidal GABAergic transmission without concomitant upregulation of enkephalinergic transmission.
It is also possible that increased enkephalinergic transmission in striatopallidal neurons is involved in regulatory processes not Figure 4 . Autoradiograms of coronal brain sections showing PPE mRNA expression in control (lef t) and in acute symptomatic (middle) and chronic symptomatic (right) MPTP-treated monkeys. The top row shows the rostral striatum, including the putamen, caudate nucleus, and nucleus accumbens. The bottom row shows the caudal striatum, including the putamen and the body of the caudate nucleus. Note the large increase in signal in the striatum (particularly the dorsolateral striatum) in the acute symptomatic animal that is not seen in the chronic symptomatic animal. directly related to generation of parkinsonian symptoms. Maneuf et al. (1994) have suggested that increased enkephalinergic transmission in the striatopallidal circuit could represent an endogenous mechanism attempting to reduce an overactive inhibitory GABAergic input from the striatum. This potential compensatory mechanism may fail in chronic parkinsonian animals. It may also be that the indirect striatopallidal circuit may either not be critically involved in Parkinson symptom generation, as suggested in recent reevaluations of the current model of basal ganglia functional circuitry (Chesselet and Delfs, 1996; Parent and Cicchetti, 1998) , or else the role of striatal enkephalin in producing changes in the physiology of the external globus pallidus (and subsequently the subthalamic nucleus) may need to be reevaluated. However, because neurosurgical approaches to PD that rely on altering the f unction of the internal globus pallidus (GP) or subthalamic nucleus are at least partially efficacious, the suggestion is that increased activity in the internal GP, and perhaps also the subthalamic nucleus, may play important roles in the expression of parkinsonian symptoms. Further study of the differences in basal ganglia physiology between acute and chronic parkinsonian monkeys is needed to better understand the f unctioning of direct and indirect striatopallidal output pathways and the complex neural processes underlying symptom generation in parkinsonism.
